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ABSTRACT
The present experiment is extends work from Badanich and colleagues (2006), and
Brown (2008). Sprague-Dawley rats can be conditioned with 20 mg/kg cocaine, meaning
rats will pair cues, with the physical effects of cocaine. By associating cues with the
physical effects of cocaine, the rats seek out these cues to recapture the physical effects of
cocaine. Brown (2008) examined the impact of 0.2 mg/kg MK-801, a glutamatergic Nmethyl-D-aspartate (NMDA) receptor antagonist, on conditioned place preference (CPP) in
adult male rats. Mk-801 blocks the NMDA receptor from releasing glutamate, and in turn
blocks drug-associated memories. This experiment investigates the effects of 0.2 mg/kg of
MK-801 in adolescent male rats conditioned with saline or cocaine. Initial chamber
preference is assessed. Once preference is determined, the rat is conditioned with either
saline or Mk-801 in the least preferred chamber on alternating days. After conditioning, the
rat is tested for its preferred chamber. Control groups shows that Mk-801 does not affect
chamber preference. The cocaine-saline group should show a shift in chamber preference
because the rats should seek the cocaine-paired environment. The cocaine-MK-801 group
should not show a change in chamber preference in order to support cocaine
reconsolidation disruption was due to Mk-801.

INTRODUCTION
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The precedent for the present experiment was set by past research from Badanich et
al. (2006), and Brown et. al. (2008), regarding cocaine conditioned place preference in
adolescent male rats as well as research regarding the effects of MK-801 on cocaine place
conditioning in adult male rats. According to Badanich and colleagues (2006), SpragueDawley rats can be effectively conditioned with cocaine, which means rats can pair
environmental cues, such as tactile and visual cues, with the physical effects of cocaine.
This mean that rats will associate the patterns on the walls as well as the structure of the
floors with the physical effect they receive from cocaine. Since the rats associate these
cues with the physical effects of cocaine, the rats will seek out the visual and tactile cues
paired with the cocaine in order to recapture the physical effect of cocaine. Brown and
colleagues (2008) have previously examined the impact of MK-801, a glutamatergic Nmethyl-D-aspartate (NMDA) receptor antagonist on conditioned place preference in adult
male rats. A glutamatergic NMDA receptor antagonist, such as MK-801, has the function
of disrupting or stopping the normal role of the NMDA receptor. By disrupting the NMDA
receptor the Mk-801 will block glutamate from being released. Blocking glutamate from
being released is one way to get rid of drug-associated memories. “Pharmacological
enhancement of glutamate transmission, for example with the (NMDA) receptor partial
agonist D-cycloserine, facilitates the extinction of drug-associated memories” (Gass et. al.
2009). This shows an NMDA receptor antagonist can disrupt memory reconsolidation with
regards to drugs. Other work has also shown that by stimulating the NR2B subunits of the
NMDA receptor and its associated kinases in the nucleus accumbens septi can in turn lead
to the rewarding effects associated with morphine. Therefore, by inhibiting the NMDA
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receptor by co-treatment with an NMDA antagonist, such as MK-801, morphineassociated psychological dependence can be prevented (Narita et al., 2005).
Most importantly, the NMDA receptor is a glutamate receptor, and is the
predominant molecular device for controlling synaptic plasticity and memory function (Li
et. al. 2009). The NMDA receptor is an ionotropic glutamate receptor, and upon activation
of this receptor, an ion channel that is nonselective to cations opens. The activation of the
NMDA receptor is voltage-dependent which results in the flow of Na+ and Ca2+ into the
cell as well as K+ out of the cell (Liu and Zhang 2000). This calcium flux through the
NMDA receptor plays a role in the cellular mechanism for learning and memory because
the Ca2+ functions as a second messenger in various signaling pathways. (Purves et. al.
2008). However the NMDA receptor cation channel is blocked by Mg2+, and to unblock
the channel, the postsynaptic cell must be depolarized (Purves et. al. 2008). These aspects
of the NMDA receptor mean the ion channel only opens with the glutamate is bound to the
receptor, and when the postsynaptic cell is depolarized. Therefore, by blocking the
glutamate from binding to the NMDA receptor, this ion channel remains blocked.
Blocking this receptor is the function of the drug, Mk-801. (Brown et. al. 2008). MK-801
antagonizes the NMDA receptor, one of the three known glutamate receptors. Glutamate is
the brain’s primary excitatory neurotransmitter. The mechanism of action of MK-801 is
that as a non-competitive NMDA receptor antagonist, it binds to the receptor that NMDA
normally binds to, and as a result, prevents the flow of ions through the ion channel
(Brown et al., 2008). This disruption of ionic flow at the NMDA receptor effectively
blocks this glutamate receptor causing a decrease in this neurotransmitter in the brain. With
regards to the way MK-801 and cocaine interact; local antagonism of ventral tegmental
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area (VTA) NMDA receptors, VTA NMDA receptors, by Mk-801 is effective at
preventing the social stress-induced behavioral response to cocaine because according to
Covington et. al. (2008), VTA infusions of the NMDA antagonist AP-5 before stress
prevents locomotor sensitization to cocaine and intensified responding for cocaine during a
progressive ratio schedule or binge. Therefore, the enhanced behavioral responses to
cocaine experienced by the rats are likely to be the result of increased glutamatergic
neurotransmission acting on VTA NMDA receptors (Covington et al., 2008). Therefore, by
blocking these NMDA receptors located on the VTA with MK-801, glutamate will be
unable to cause an action potential that leads to the release of dopamine, and the cocaine
will not have the ability to take effect.
The present experiment is important and unique as this work has not been
previously been conducted in adolescent rats. However, past research has shown that
adolescent rats can be effectively conditioned with 5 and 20 mg/kg doses of cocaine
(Badanich et al., 2006). This means that the specific doses, 5 and 20 mg/kg of cocaine have
been proven to cause the rat to be affected by the physical effects of cocaine, as well as to
seek the visual and tactile cues that have been associated with the physical effects of
cocaine. Additionally, previous work has shown that through the use of MK-801, drug
reconsolidation can be successfully disrupted (Brown et al., 2008). The present experiment
will extend on this previous work by investigating the impact of MK-801 on cocaine place
conditioning in adolescent male rats. In the present experiment, it is hypothesized that by
administering one standard dose of Mk-801, (0.2 mg/kg) the preference for the cocainepaired chamber will be blocked in adolescent male rats through the mechanism of MK-801
pharmacologically blocking the glutamatergic NMDA receptor. If this dose of MK-801 is
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effective then the rats administered MK-801 combined with cocaine will not show a
conditioned place preference to the drug-associated environment, in contrast to the animals
conditioned with vehicle and cocaine. The dose of MK-801 employed in the present work
has previously been shown to be effective in disrupting cocaine reconsolidation in adult
male rats (Brown et al., 2008).
MATERIALS AND METHODS
Initially, the male adolescent rats were handled for two days on postnatal day
(PND) 28 and 29 to acclimate the animals to experimenter manipulation. On PND 30 a
baseline preconditioning test was conducted, in order to identify initial chamber preference
in which rats had free access to both chambers for 15 min in a dimly lit room. The least
preferred chamber was the chamber that the animal is administered vehicle or cocaine. The
conditioning apparatus was a two chambered apparatus with each chamber containing
unique visual and tactile cues of either black and white horizontal striped walls with a grey
sandpaper floor or black and white vertical striped walls with a wire-mesh floor (Badanich
et al., 2006). A removable Plexiglas wall separated the two chambers. On alternating days,
the animal was conditioned to the alternate chamber with saline. This two-day cycle was
repeated for a total of 4 pairings in each chamber (PND 31 to PND 38). On drugconditioning days, the animal was injected with their respective Mk-801 dose or vehicle
and immediately placed back into their home cage. Following 30 min after administration
of MK-801, the animal was removed from the home cage and confined to one chamber of
the conditioning apparatus for 20 minutes.
On PND 39, a post-conditioning test was conducted in which the rat was placed in
the apparatus with the center wall removed and given free access to both chambers for 15
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minutes. The post-conditioning test assessed if the Mk-801 effectively disrupted the
consolidation of cocaine paired with the environmental cues expressed as rats spending
similar amounts of time in both chambers. If the antagonist blocked the consolidation of
the drugs and cues, the rat did not preferentially seek the cocaine-paired environment (i.e.,
did not spend more time in one chamber than the other) that was previously paired with the
drug during the experiment (Brown 2008). However, if rat did indeed seek the chamber
that was paired with the drug, this would be indicative of drug-seeking behavior of the
drug-associated environment.
Each group will contain 10-12 animals and each rat will take 12 days to complete
the experiment. The design for the experiment is depicted below.

Cocaine Dose

MK-801 Dose

0.0

0.2

0.0

n=10

n=10

20

n=10

n=10

RESULTS
Data for twenty rats in the control group has been recorded, eight of the twenty
received two saline injections, whereas the twelve other rats in this group received an
injection of 0.2 mg/kg of Mk-801 and then saline. The majority of the rats tested after
conditioning show that the initial preferred chamber was maintained to be the final
preferred chamber. Furthermore, there was no difference between the amount of time the
two control types spent in each chamber during the baseline and test.
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Figure 1: The relationship between the amount of time spent in each chamber, and the type
of control group is shown. For a total of 900 seconds, the rat had a choice between two
different chambers containing both visual and tactile cues. The two different groups do not
show a different in the amount of time spent in each chamber.

Additionally, the data show that the individual rats administered Mk-801 did not
show a difference in behavior with regard to the amount of time spent in each chamber.
These data indicate that Mk-801 alone did not alter behavior in the vehicle-MK-801treated rats. These data will support our ability to directly compare this group with both
vehicle-cocaine treated group and the MK-801-cocaine treated group.
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Figure 2: The relationship between the amount of time spent in each chamber for specific
rats show that the Mk-801 did not affect baseline or test. The amount of time spent in each
chamber remained consistent for each rat, whether in the saline-saline control group or the
Mk-801-saline control group.
DISCUSSION
At the conclusion of the present work, we expect to characterize the response of
adolescent male rats to a 0.2 mg/kg dose of Mk-801 with regards to the disruption of
cocaine reconsolidation by successfully antagonizing the glutamate receptor, NMDA. Thus
far, the control group’s data, Figure 1 and Figure 2, show that the drug, Mk-801, has no
effect on the amount of time the rat spent in each chamber when it was paired with saline
alone. This is the exact result that was anticipated because the Mk-801 by itself should not
have an effect on the rat. The rats injected with Mk-801 or saline alone are the control
groups, and are therefore the standards that the cocaine-conditioned rats will be compared
against. Concerning the control rats, saline and Mk-801 by themselves should not have had
an effect in these groups, and this is the result that was attained. There has been no data
collected thus far regarding the cocaine group, however after running this experiment with
the cocaine group, the amount of time spent in each chamber should reflect whether or not
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the Mk-801 effectively disrupted the cocaine reconsolidation. Since the Mk-801 blocks the
glutamate receptor, NMDA, the cocaine-conditioned rat should theoretically have the same
initial and final preferred chamber. However, for the rats that are only conditioned with
cocaine and saline, the initial and final preferred chamber should differ. The rewarding
effects of cocaine should cause the rats to seek out and spend more time in the initially
least preferred/drug-paired chamber after conditioning because the cocaine is now
associated with the environmental cues present in the initially least preferred chamber.
Anecdotally, we have observed that the rats injected with Mk-801 would travel in a
clockwise circle around both their home cage and conditioning chamber. According to Van
der Staay et. al. (2011), MK-801, administered s.c. or i.p. into rodents in doses up to
0.1 mg kg−1, appears to fulfill the criteria of our definition of a cognition impairer in
rodents without causing sensorimotor impairments and/or signs of intoxication. Since the
dose of Mk-801 for this CCP experiment is 0.2 mg/kg, higher than the maximum for the
Van der Staay et. al. experiment, the rats would experience cognition impairment with
even possible intoxication signs. This explains the observations of the rats circling and
acting intoxicated after Mk-801 injections.
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